Objectives. While studies have suggested that gout and hyperuricaemia are associated with the risk of premature death, none has investigated the role of urate-lowering therapy on this critical outcome. We examined the impact of allopurinol, the most commonly used urate-lowering drug, on the risk of mortality in hyperuricaemic patients. Methods. From a population of hyperuricaemic veterans of [serum urate level >416 mol/l (7.0 mg/dl)] at least 40 years of age, we compared the risk of death between incident allopurinol users (n ¼ 2483) and non-users (n ¼ 7441). We estimated the multivariate mortality hazard ratio (HR) of allopurinol use with Cox proportional hazards models. Results. Of the 9924 veterans (males, 98% and mean age 62.7 years), 1021 died during the follow-up. Patients who began treatment with allopurinol had worse prognostic factors for mortality, including higher BMI and comorbidities. After adjusting for baseline urate levels, allopurinol treatment was associated with a lower risk of all-cause mortality (HR 0.78; 95% CI 0.67, 0.91). Further adjustment with other prognostic factors did not appreciably alter this estimate (HR 0.77; 95% CI 0.65, 0.91). The mean change from baseline in serum urate within the allopurinol group was À111 mol/l (À1.86 mg/dl). Adjusting for baseline urate level, allopurinol users had a 40 mol/l (0.68 mg/dl) lower follow-up serum urate value than controls (95% CI À0.55, À0.81). Conclusion. Our findings indicate that allopurinol treatment may provide a survival benefit among patients with hyperuricaemia.
Introduction
Hyperuricaemia, the culprit of gout pathogenesis, is associated with cardiovascular disease (CVD) in humans, although whether it is an independent risk factor with a pathogenic role in CVD or only a marker for associated CVD risk factors, such as insulin resistance, obesity, diuretic use, hypertension and renal disease, remains unclear [1] [2] [3] . Recently, large-scale epidemiological studies found that individuals with gout have a higher risk of premature death [1, 4, 5] . For example, compared with men without gout, men with gout had a 28% increased risk of death, independent of other mortality risk factors [1] . Furthermore, an extension study of a large clinical trial found that a diagnosis of gout accompanied by hyperuricaemia is associated with increased risk of all-cause mortality that arises largely from an increased risk of CVD mortality [4] . While these data suggest that gout and hyperuricaemia increase the risk of death, no study has investigated the role of urate-lowering therapy on mortality. We performed a cohort study of hyperuricaemic patients enrolled in veterans affairs (VA) medical centres in the Pacific Northwest, to ascertain if allopurinol, the most commonly used urate-lowering agent, was associated with a decreased risk of mortality.
Methods

Study population
We used the VA Consumer Health Information and Performance Sets (CHIPS) database, which maintains data on demographics, diagnostic codes, vital status, prescriptions, healthcare utilization, laboratory tests and medical procedures for all outpatient and inpatient VA patient encounters [6, 7] . The source population consists of veterans 540 years of age within the Northwest Veterans Integrated Service Network (a collection of eight VA facilities located in Washington State, Idaho, Oregon and Alaska) [6, 7] . From this source population, a hyperuricaemic population was selected, defined as having at least one outpatient serum urate level >416 mol/l (7.0 mg/dl) between the years 2000 and 2007. Subjects were excluded if they had an estimated glomerular filtration rate (GFR) of <30 ml/min (estimated according to the Modification of Diet in Renal Disease Equation), prior dialysis or renal/organ transplantation, or history of malignancy.
We then defined a cohort of hyperuricaemic subjects treated with allopurinol (allopurinol group) on the basis of (i) incident allopurinol use between 1 January 2000 and 31 December 2007 and (ii) an outpatient serum urate level >416 mol/l (7.0 mg/dl) within 1 year prior to allopurinol initiation. Three non-allopurinoltreated control subjects were identified for each allopurinol user, on the basis of (i) being alive and at-risk at the time the allopurinol-treated subject initiated allopurinol (index time) and (ii) having hyperuricaemia (as defined above) during the previous year.
The Institutional Review Board of the University of Washington approved this study and waived informed consent.
Statistical analyses
The primary outcome of interest was all-cause mortality. Both allopurinol and control subjects began accruing risk time beginning with the time of incident allopurinol use in the allopurinol group and index time in the control group, and were followed until death, study closure or no further contact with the VA for 18 consecutive months.
Cox proportional hazards models, with robust standard errors, were used to estimate the independent association between allopurinol exposure and the risk of death. Multivariate models adjusted for demographics (age, race and gender), BMI, comorbidities (as defined by ICD-9 CM codes for hypertension, diabetes and CVD), healthcare utilization (as defined by number of previous primary care or internal medicine visits at baseline), use of cardiovascular and other medications [statins, fibrates, angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), -blockers, calcium channel blockers, low-dose aspirin, NSAIDs, loop diuretics, hydrochlorothiazide (HCTZ) and losartan], baseline serum levels of urate, cholesterol, albumin and baseline GFR. The multivariate models also adjusted for the Charlson index [8] , which is a composite index of diagnoses that includes myocardial infarction, congestive heart failure (CHF), peripheral vascular disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, peptic ulcer disease, liver disease, diabetes with complications, renal disease, cancer and AIDS/HIV. Multivariate models were stratified by individual VA site.
In order to approximate the 'intent-to-treat' design of a clinical trial, subjects were analysed according to whether or not they initiated allopurinol use at study baseline, regardless of whether they stopped or started allopurinol during follow-up. As a sensitivity analysis, we used an 'as-treated' model, where control subjects were censored upon initiation of allopurinol use.
The association between allopurinol use and follow-up serum urate level was assessed using linear regression, adjusting for baseline urate level. Follow-up serum urate level was defined as the latest outpatient measurement in the first 6 months of follow-up after allopurinol initiation. The groups were also compared with respect to the mean change between baseline and follow-up serum urate levels. All analyses were performed using Stata 9.2 software (STATA Corp., College Station, TX, USA; 2007).
Results
The cohort consisted of 9924 veterans, with 2483 subjects in the allopurinol group and 7441 in the control group. There were 745 deaths in the control group and 276 deaths in the allopurinol group during 23 903 person-years of follow-up. The cohort comprised almost entirely of males (98%), and the majority of subjects with race recorded were white (88%) ( Table 1 ). The mean age was 62.7 years, with a range from 40 to 93 years. Compared with the control cohort, the allopurinol group had a higher BMI and an increased prevalence of hypertension, CVD and diabetes, along with an overall greater burden of comorbidities, as defined by the Charlson index (Table 1 ). The number of primary care or internal medicine visits, along with the use of cardiovascular medications, especially loop and thiazide diuretics, were also higher in the allopurinol cohort. Notably, 83% of the allopurinol users had a gout diagnosis, compared with 20% of the control group, suggesting that allopurinol was mainly used to prevent gout attacks. The allopurinol group had a higher baseline urate level than the control group [535 mol/l (9.0 mg/dl) vs 488 mol/l (8.2 mg/dl)] and a lower GFR (69.8 vs 75.1).
Mean follow-up serum urate levels were 428 and 446 mol/l (7.2 and 7.5 mg/dl) in the allopurinol and control groups, respectively. Adjusting for baseline urate level, allopurinol users had a 40 mol/l (0.68 mg/dl) lower follow-up serum urate value than controls [95% CI À33, À48 mol/l (À0.55, À0.81 mg/dl)]. The mean change from baseline in serum urate within the allopurinol group was À111 mol/l (À1.86 mg/dl).
After adjusting for baseline urate levels, allopurinol treatment was associated with a lower risk of all-cause mortality [hazard ratio (HR) 0.78; 95% CI 0.67, 0.91)] (Table 2) . Further stepwise adjustment for potential confounders such as demographics, comorbidities, healthcare utilization, cardiovascular and other medications and baseline cholesterol, albumin and GFR did not appreciably alter the HR (0.77; 95% CI 0.65, 0.91) ( Table 2) .
Results from an as-treated model were slightly stronger (HR 0.73; 95% CI 0.62, 0.86).
Discussion
In this large cohort study of hyperuricaemic veterans, we found that the use of allopurinol was associated with a 23% lower mortality rate. This association was independent of age, sex, race, BMI, relevant comorbidities, healthcare utilization, use of cardiovascular and other medications, serum levels of urate, cholesterol, albumin and GFR. The magnitude of the risk reduction is comparable with that of established cardiovascular drugs, such as ACE inhibitors, ARBs and -blockers [9] . Furthermore, this level of risk reduction could substantially reduce the risk of premature death due to gout reported in the literature (a 9-28% risk increase [1, 4] ). To our knowledge, this is the first study to show a survival benefit of allopurinol, the most commonly used urate-lowering agent.
It remains unclear if the survival benefit is entirely due to the urate-lowering effect of allopurinol, or to other beneficial effects of the drug [10] [11] [12] [13] [14] . For example, the effect of allopurinol or its metabolite oxypurinol on cardiovascular function has been tested in a number of studies [11] [12] [13] [14] [15] [16] [17] [18] . When endothelial function was measured by changes in arterial response using various methods, allopurinol or oxypurinol was shown to improve endothelial function in patients with hypertension, type II diabetes and dyslipidaemia, in smokers, in hyperuricaemic patients with elevated cardiovascular risk and in patients with established coronary artery disease, compared with controls [12, [14] [15] [16] . Similarly, trials of xanthine oxidase (XO) inhibition in CHF showed improvement in endothelial function and myocardial efficiency and lowered B-type natriuretic peptide concentrations [11, 13, 17, 18] . In some studies, a single dose of allopurinol or oxypurinol was used, suggesting that the mechanism of action is XO inhibition rather than the urate-lowering effect. Due to allopurinol's action on both urate levels and XO activity, low-cost, generally good side-effect profile and its extensive history of use, it is considered to be the urate-lowering agent of choice for clinical trials of potential cardiovascular risk reduction [9] . Several potential limitations of our study deserve comment. We could not examine if the observed survival benefit associated with allopurinol use reflects a decline in cardiovascular death, because information on specific cause of death is not available in the CHIPS database. However, because the excess mortality risk observed among gout patients was due to increased cardiovascular death [1, 4] , the potential survival benefit due to allopurinol would likely come from preventing excess cardiovascular death. Nevertheless, this explanation calls for direct confirmation in future studies examining specific cause of death. In a pharmacoepidemiological study such as ours, confounding by indication may bias the results. Indeed, allopurinol users had worse mortality risk profile including higher adiposity, a greater burden of comorbidities, higher baseline serum urate and lower GFR. Thus, these individuals would have been at greater mortality risk than non-allopurinol-treated hyperuricaemic patients. Any residual confounding by indication beyond our multivariate adjustment would likely have biased the association towards the null, making our estimates conservative. The veteran population is generally considered at high risk for cardiovascular mortality by virtue of the high prevalence of risk factors such as older age, male gender, metabolic syndrome and hyperuricaemia; thus, the generalizability of our findings to a younger, healthier population with more women is not clear, and will need to be studied. Finally, our study was observational; thus, we cannot rule out the possibility that unmeasured factors might contribute to the observed associations.
In conclusion, this cohort study of veterans suggests that allopurinol use may provide a survival benefit in hyperuricaemic patients. While this first large-scale study on the topic is encouraging, it remains premature to advocate the use of allopurinol for cardiovascular prophylaxis. Nonetheless, our findings provide justification for further prospective studies of urate-lowering therapy for the prevention of premature death in hyperuricaemic patients.
